We expand the current understanding of leadership's influence on the success of inter-organizational information sharing and integration (IIS) by testing and proposing direct and indirect relationships using structural equation modelling (SEM). We analyzed data from a national survey of 173 professionals from IIS projects in Public Health and Criminal Justice in the US. We evaluated the direct and indirect relationships of three leadership mechanisms -executive involvement, exercise of formal authority, and informal leaders. By testing the causal relationships between two types of leaders: bureaucratic-based executive leader and network-based informal leaders, we substantiate how embeddedness in bureaucracy influences the relationship between leadership activities and success of IIS projects. Our findings show the significant role of executive involvement to the success of IIS. We found that the influence of informal leaders is magnified by the involvement of executives. Our finding also support the importance of informal leaders both directly to the success of IIS or in curbing the potential negative impact of misuse of authority in the collaboration. Finally, we found that perceptions of participants in terms of how IIS project success is measured, influences the impact of leadership on the success of IIS projects.
INTRODUCTION
Advancement in Information and Communication Technologies (ICTs) has created new capabilities for collaboration and problem solving. ICTs provide capabilities for coordination, continued engagement, access to data and sharing of information that are crucial for handling complexities and uncertainties [20] . ICTs also support the collective capabilities of agencies, private entities and general public to organize, interact, and govern as they work to overcome increasingly complex social challenges [12] . Foremost, this capability resides within the ability of ICTs to promote and support information integration and sharing (IIS) across various domains and beyond the boundary of individuals, units and organizations [3] . Capabilities for integrating and sharing of information are the foundation of government efforts to develop and execute public policies that are smart, efficient and more responsive to nowadays social problems [3, 20] .
Examined from an organizational perspective, integrating and sharing information across different organizations and/or units has the potential to support the transformation of organizational structures and communication channels among multiple agencies working in different locations. It allows managers in different places to work at the same time, with the same information amalgamated from multiple disparate sources [10, 15] . Integrating and sharing information across boundaries is recognized as generating new technical, organizational and political benefits for those entities involved [3, 4, 21] . The number of participating organizations and individuals involved in such efforts contributes to their complexity. Managing such complexity with the goal of implementing an IIS initiative benefits from the use of collaborative networks involving various organizations [3, 4] . Working on an IIS initiative within such a collaborative network setting might pose challenge for government officials, who were unaccustomed to working collaboratively across their respective agency's boundary [3] . This subsequently raises a number of important questions about how leadership and authority are exercised in governing such collaborative efforts [8, 10, 15] .
The challenges facing the leadership of IIS initiatives are significant due to the embeddedness of such initiatives in larger political and institutional environments which shape their goals and circumscribe their choices [5, 10, 15, 23] . As argued by Eglene et al [8] , although IIS initiatives are often organized in a network setting, each participant involved in IIS still obtain authority from and are accountable to the traditional bureaucratic environment of their own agencies. This condition makes the organizing functions of IIS projects unique because it connects both network and bureaucratic forms of governance; including the possible coexistence of two different forms of leadership -network and bureaucracy [8] . Subsequently, it has also been argued that leadership in inter-organizational information sharing and integration is exercised through three activities -executive involvement, exercising of formal authority, and informal leadership [10, 15] . According to Huxham and Vangen [11] , leadership can be shaped through process and exercised through activities in a collaboration. As such, we define leadership as the activities or mechanisms to exercise leadership to sustain the collaboration. We measure leadership using three activities: (1) executive involvement, (2) exercising of formal authority, and (3) informal leadership. Following the argument put forward by Eglene et al [8] that success of IIS can be defined in various ways and might manifest in compounding layers, we measure IIS success through the use of three categories: a) project overall is a success, b) project achieves technological success, and c) project meets its policy objectives.
This paper provides new understanding of the influence of leadership on the success of multi-sector collaboration in information sharing and integration initiatives. This study addresses two research questions: a) how do different leadership activities affect the success of inter-organizational information sharing and integration (IIS) and b) given that IIS collaboration is embedded in bureaucracy, how do bureaucratic-based mechanisms influence the success of IIS in relation to other leadership activities? We expand existing work on leadership in IIS (see for instance, 8, 10, 15) in three ways. First, we provide an evaluation on the causal relationships between leadership and the success of IIS based on statistical analysis. Second, we base our arguments on the analysis of a national survey of 173 professionals of IIS projects in Public Health and Criminal Justice; thus the result may expand the generalizability of findings beyond existing literature. Third, we evaluate the differentiated impact of different mechanisms of leadership on IIS success. Eglene et al., [8] propose nine (9) hypotheses of leadership and authority in IIS networks in which four (4) of the hypotheses postulate the significance of bureaucracy in exercising leadership roles. Our analysis tests whether bureaucracy and bureaucratic leadership mechanisms are more dominant than other types of leadership mechanisms in the success of IIS.
Leadership, Authority and the Success of IIS
Leadership and authority receive significant attention in the study of inter-organizational information sharing and integration (IIS). The social processes that signify the employment of leadership functions, such as conflict resolution, decision making, and collaboration are argued as crucial elements of IIS success [16] . Huxham and Vangen [11] argue that leadership in collaborative efforts is a fluid concept that is not only tied to people but also structure and process. As such, we define leadership in terms of the mechanisms used to exercise it, and in particular, adopt Pardo et al.'s [15] and Gil-Garcia et al.'s [10] framing of leadership in terms of three mechanisms: executive involvement, exercising formal authority, and informal leadership.
Involvement and support from executives is critical for the success of inter-organizational information sharing in the public sector [3, 5, 8, 10, 13, 15] . In contrast, lack of support from executives is associated with the failure of inter-organizational information sharing [22] . At the initial stage of inter-organizational information sharing and integration, the involvement of elected or career-based executives provides legitimating authority for the collaborative network [4, 6] . This is crucial because authority develops gradually in collaborative networks [18] . Hence, executive involvement is necessary to provide formal legal authority [4] .
Subsequently, the roles of executive involvement changes throughout the implementation process of IIS projects. To sustain collaboration across multiple implementation stages, the executive is expected to change their role [4] . There are two main roles that executive involvement is expected to fulfill during the implementation stage. The first role is to secure financial resources for the project. The involvement of executives in negotiating bureaucratic processes for budget and financial purposes is vital to the implementation and success of IIS initiatives [4, 8] . Second, executive involvement is needed for coaxing coordination in collaborative networks. Pardo et al., [15] and Gil-Garcia et al., [10] assert that executives manage coordination in three ways: a) inciting the willingness of the key actors to participate, b) demonstrating the respect for the autonomy of participating organization, and c) supporting the action of informal leaders. Thus, executive involvement influences the success of interorganizational information sharing and integration directly, but also indirectly through informal leaders.
Thus, although overall project leaders, as argued by Dawes & Pardo [5] , are a critical factor in the success of collaborative initiatives, the role of informal leaders is no less crucial. While according to Landsbergen & Wolken [13] overall project leaders provide overarching support and sponsorship, informal leaders work at the operational level to get projects going [10, 15] . For instance, informal leaders are recognized as the ones who nurture trust building among the participants [9] , mitigate potential conflicts and sustain coordination among the diverse participants [10, 15] . In ensuring coordination among the participants, these informal leaders use boundary objects and mitigate localized and episodic problems to develop shared understanding. They also clarify roles and responsibilities and contribute to the development of appropriate and effective strategies to minimize conflict and resistance [10, 15] .
The leadership function in an IIS collaboration is also carried out through the exercise of formal authority in the collaboration. Consequently, how the leader exercises authority affects the development of shared understanding and the mitigation of potential conflicts in a collaborative effort [4, 8, 10, 14, 15] . Thoughtful exercise of formal authority alleviates possible frictions among the participants, helps build trust, and provides a foundation for collaborative efforts in IIS [14] . Attentiveness in exercising formal authority fosters willingness to participate in the implementation and eventually success of IIS [10, 15] . On the contrary, when the leader is inconsistent in exercising their formal authority it can stimulate friction and resistance, which eventually hampers the success of an IIS project [10, 15] . Furthermore, it is argued that conscientious way of exercising formal authority can be done by the involvement of executives and/or by the informal leaders in the collaboration [10, 15] . As argued by Pardo et al., [15] , the use of formal authority by executives in making resources available, promoting participation and respecting the autonomy of participating organizations encourages willingness to participate which eventually leads to success.
In conclusion, extant studies show both direct and indirect influence of leadership on the success of inter-organizational information sharing and integration. As shown in our review of the literature, executive involvement affects the success of interorganizational information sharing and integration directly and indirectly.
Figure 1. The Tested Model of Leadership Influence to IIS Success
Directly, the involvement of executives is crucial for providing the necessary resources and the assurance that autonomy is respected. Likewise, executive involvement also influences success by supporting the actions of informal leaders. In turn, the actions of informal leaders also affect the success of IIS through the efforts of those informal leaders in maintaining the network and necessary levels of coordination. In addition, informal leaders play a role in facilitating the exercise of formal authority and the consideration of the respective autonomy of the various participants. Finally, how leaders exercise their authority directly influences success through the development of shared understanding and the mitigation of potential conflicts in the collaboration. Hence, we propose a model of the leadership influence on IIS success (See figure 1) and hypothesize 5 causal relationships between leadership mechanisms and the success of inter-organizational information sharing. 
Research Design and Method
This section briefly describes the research and methods used for this study, including the data collection, the variable measurements and the analysis techniques. The paper is based on a survey data. Considering our interest to test the direct and indirect relationships linking the leadership mechanisms and success of III, the data was analyzed using Structural Equation Modeling techniques to account for the endogenous -exogenous relationships among the variables. The following subsections provide more detail about our data and analysis techniques.
Data and Data Collection
This study analyzes data from a national survey conducted by the Center for Technology in Government (CTG) in April 2008. When aiming to test theory, the use of older data does not present a problem, as it is expected that the relationship among the variables, if shown, is generalizable and stable over time. The original dataset consists of 173 responses with demographic distribution as shown in Table 1 . After data cleansing, the analysis was based on 158-160 responses and about 7-8% of the responses were dropped from the analysis due to high levels of missing values. The majority of survey respondents work for local governments (56%), followed by state governments (29%). The majority of these respondents have positions as executives (35%) or program managers (35%). The proportion of male respondents was higher than female respondents by 16%. Almost all respondents have acquired some experience working in their respective field for at least one year, with only 3% of the respondents indicating that they had not yet acquired some experience at the time of the survey.
Variable Measurements
In accordance with our model in Figure 1 , we are interested in testing the influence of three variables on the success of IIS, namely; executive involvement, informal leaders, and exercise of formal authority. The description and measurement of each variable is provided below: a. Exercise of formal authority. We use a negative measure for exercise of authority. The question asked was whether leaders and/or participants misused the power of their official positions. This variable is measured in a 7-point Likert scale. • Overall success. This variable measures whether the IIS participants deem that, taken as a whole, the project was a success. This variable is measured in a 7 point Likert scale ranging from "Not at all (1)" to "To a great extent (7)".
• Met the policy objectives. This is a 7-point Likert scale variable measuring whether the participants agree that the project met its stated policy objectives and goals. The values also ranged from "Not at all (1)" to "To a great extent (7)".
• Technology success. This is a composite variable consisting of three constructs measuring technology success. The construct asks the participants whether they agree that the project is a success technologically in terms of creating: a) information systems that can communicate with each other, b) interoperable computer systems and networks and c) an integration of disparate databases into new data resources. Each of the constructs is measured in a 7-point Likert scale. The reliability of this variable measured by Chronbach's alpha is 0.8757.
• Organizational success. We define this variable as measurement of success in terms of the benefits that IIS brings to the organization. We measure the benefits to organizations in 5 ways: a) improvement in the day-by-day operations of government, b) greater effectiveness of policy deliberation, c) improved efficiency, d) direct benefits to people, group and organization, and e) cost savings. This is also a reliable composite variable with Chronbach's alpha of 0.8589.
Analysis Techniques
Data analysis in this study was conducted in two stages. The first stage created the composite variables using principal component factor analysis. The reliability of the resulting variables was examined using Chronbach's alpha values ( Table 2) . As mentioned previously, all the Chronbach's alpha values were above 0.70, representing acceptable levels of reliability. The second stage tested the structural model. We employed the structural equation modelling approach using Lisrel 8.80 . To analyze the fit of the model, we used several information criteria as presented in Table  4 . 
RESULTS AND DISCUSSION
This section presents the results of our analysis. First, we explain how the success of inter-organizational information sharing is measured. Then, we present the results in terms of the overall model goodness of fit. Finally, this section explains the impact of each of the leadership variables on IIS success and some of the relationships among them.
Measuring Success in Inter-organizational Information Sharing and Integration
There are various ways to define the success of a collaborative project from the perceptions of different project's stakeholders [8, 17] . Similarly, as inter-organizational information sharing and integration projects are often conducted in collaboration, each stakeholder could have different perceptions of success. We then measure success from three interrelated components of IIS, namely: policy, technology and organization. In addition we also measure the overall project success.
Our results indicate that the majority of respondents (93%) agree to a certain degree (25%) or to a great extent (69%) that taken as a whole, the IIS project was a success. We found similar results when success is measured by the fact that the project met its stated policy and goals with 67% agree to a great extent and 26% agree to a certain degree. However, we found different results for technological and organizational success. Overall, the indicators for technology and organization show that in average the respondents agree to a certain degree (24% -29%) or to a great extent (48% -56%) that the project was a success technologically and organizationally. However, we found that close to one third of respondents do not agree or are not sure that the project enables the creation of interoperable systems and networks and the creation of integrated databases into new data resources.
Table 3. The Measurement of IIS Success
We also found that close to a quarter of the respondents do not agree or are not sure that IIS projects result in an organization having greater effectiveness in deliberating policy and in achieving costs saving.
Model Fit
We measured whether our proposed theoretical model ( Figure  1 ) is a fit model based on the survey data. We present the goodnessof-fit measure in Table 4 . For instance, the χ2 value on average for the four models is 1.5 which is lower than the χ2 cut-off value of 11.07 (df=5, p=0.05), meaning that the model has a good fit. In another instance, if measured by RMSEA or the "badness of fit" index, the average value is 0.05 indicating an approximate fit of the model.
Involvement of Executives and the Success of IIS
Figure 2 presents significant standardized path coefficients for the overall success model and table 5 presents the structural parameter estimates for the four models. The results indicate strong support for hypothesis 1 and 2 on the influence of executive involvement on the success of IIS.
We found positive and significant, direct and indirect relationship between executive involvement and the success of IIS projects. The results show that executive involvement significantly and directly influences the success of IIS at 0.99 confidence level with t-value of 2.920 for overall success, t-value 3.009 for policy success, t-value of 2.701 for technical success and t-value of 3.791 for organizational success.
Table 5. Structural Parameter Estimates for the Four Models
We also found significant impact of executive involvement on the success of IIS when mediated through the role of informal leaders at 0.99 confidence level with t-value of 4.236 for overall success, t-value of 4.249 for policy success, t-value of 3.258 for technical success and t-value of 5.212 for organizational success. Comparing the coefficient estimates and t-values, the influence of executive involvement on success is stronger when executives assume roles that support informal leaders in the collaboration. The coefficient of the relationship between executive involvement and informal leaders is significant at the 0.01 level with estimates of 0.336 and average t-value of 4.5.
In addition, we also found that the coefficient estimates changes depending on the measurement of success. Table 5 shows the coefficient estimates are lower when success is measured as technical as compare to policy, organizational or overall success. Presumably when measured directly, executive intervention through, for instance, the enablement of funding has more merit for technological success than policy success. Likewise, the indirect roles of executive in supporting informal leaders matter more for policy success and for overall success. The results also show that executive involvement also matters in influencing the exercise of formal authority. The results indicate a positive total effects when executives involvement is mediated by the informal leaders in addressing the misuse of formal authority by participants. As shown in table 5, the coefficient of informal to authority is -0.165 while the coefficient of executive to informal to authority is -0.056, indicate an increase in positive effects by 195 percentage points. Meaning that proper intervention from an executive by the mediation of informal leaders in response to an instance of misuse of formal authority in a collaboration network could reduce the potential of project failure.
Path

The Role of Informal Leaders for IIS Success
We found strong support for hypothesis 4 and hypothesis 5. Our analysis results indicate the prominent role of informal leaders in influencing the success of inter-organizational information sharing and integration initiatives. We found that informal leaders significantly influence the success of IIS, contingent to the indicator of success. If success is measured in terms of success at the overall project level, meeting policy objectives, and organizational success, the results indicate strong direct relationships with coefficient estimates of 0.249, 0.211, and 0.295 respectively, and t-value of 3.266 for overall success, t-value of 2.820 for policy success, and t-value of 3.995 for organizational success.
The results also indicate the significant role of informal leaders in curtailing the negative effect of participants' misuse of their formal authority. With support from executive, interventions from informal leaders significantly decrease the potential for misusing formal authority regardless of how success is measured. Consequently, it can be said, interventions by informal leaders designed to check the misuse of formal authority by IIS project participants, could increase the success of IIS. The coefficient estimates of indirect relationship between informal leader to IIS success is 0.025 with t-value 1.508 for overall success and 0.038 with t-value 1.786 for policy success, (significant at 0.1 level).
Exercising Formal Authority and the Success of IIS
Finally, we also found strong support for hypothesis 3. The results indicate that misuse of formal authority decreases the potential of success, when success is measured as overall success and policy success. The coefficient estimate is -0.153 for overall success and -0.228 for policy success. We did not find statistically significant results of the influence of misuse of formal authority to IIS success, when success is measured as technological achievement. Interestingly, we also found that participant misuse of formal authority is not a significant predictor of organizational success.
As we mentioned previously, we also found that the likelihood of misusing formal authority in inducing project failure will decrease by 63% with the mediation of informal leaders. The coefficient estimate decreases from -0.153 to -0.056 (table 5) when executives provide support to informal leaders. This finding further signifies the crucial roles of informal leaders in achieving success in IIS.
DISCUSSION AND CONCLUDING REMARKS
This section discusses our main findings and contrasts them with previous studies. It also proposes some implications for research and practice and explains the limitations of this study. Overall, we found that all three leadership variables have a statistically significant influence on the success of IIS initiatives.
Recounting the Role Bureaucratic Leadership in IIS Success
In 2007, Eglene et al., [8] proposed nine hypotheses and avenues for future research on the relationship between leadership and success in collaborative networks for information sharing. Four (4) out of their nine (9) hypotheses question the embeddedness of network leadership in bureaucratic environments and how it influences the success of information sharing networks. Pardo et al., [15] and Gil-Garcia et al., [10] expand this idea further by outlining three mechanisms comprising both bureaucratic-based and network-based leadership variables that influence the success of inter-organizational information sharing and integration through in-depth case studies. Based on these previous studies, this paper explores the roles of leadership activities in influencing the success of IIS using a quantitative analysis approach. We subsequently analyze the extent to which embeddedness in bureaucracy influences the relationship between leadership activities and the success of IIS based on a national survey in the US. Our findings are supportive and substantial in both questions. In particular, our findings provide clear support of the influence of bureaucratic leadership, in the form of executive involvement, in shaping the success of IIS initiatives.
Our findings supported and confirmed the propositions of Pardo et al., [15] and Gil-Garcia et al., [10] with regard to the direct and indirect influence of executive involvement in the success of IIS. The importance of executive involvement not only matters directly, for instance through provision of funding; but also indirectly through their support to informal leaders. The results also demonstrate that the support of executive involvement to the informal leaders is proven to be substantial. In fact, considering the standardized coefficient estimates, the influence of executive involvement to informal leaders is the most dominant in the model. Plausibly, this could be because the support from executives provides informal leaders with authority to act in the collaboration [8] , which is particularly important because formal authority is developed gradually in networks [18] .
Intriguingly, we also found the differences in coefficient estimates are influenced by the way success is measured. We found the smallest gap between the total effect and direct effects of executive involvement to the success of IIS when success is only measured as technological success, such as: integration of databases and creation of interoperable systems. Thus, even if executives confine their support to providing funding, the impact is similar to more extensive involvement such as supporting informal leaders when success is only measured technically.
In accordance to Pardo et al., [15] and Gil-Garcia et al., [10] propositions, our results indicate a strong and significant influence of executive involvement through informal leaders on the success of IIS initiatives. We found that involvement of executives in supporting informal leaders could even curb the negative impact of participant misuse of formal authority. Plausibly, informal leaders have more power to alleviate and mitigate the risk of participants misusing their formal authority if they have patronage from executives. As shown in the case of West Nile virus [10, 15] , when executives show respect for the autonomy of participating organizations by considering the concerns of their peers in the collaboration, success is more likely to be achieved. Overall, our findings, which strongly highlighted the role of executive involvement, demonstrate the bureaucracy effects on the success of inter-organizational information sharing and integration. Involvement of executives, embedded in bureaucratic positions ensures access not only to resources directly needed for the project but also for patronage which strengthened the positions and roles of informal leaders in implementing the projects [8] .
Confirming the Role of Informal Leaders
The significant role of informal leaders for the success of a project that is managed in collaborative ways have become an established fact in the literature (see for instance: 1, 2, 11) including inter-organizational information sharing and integration projects (see 4, 9, 10, 15, 23 and others). We also found strong direct influence of informal leaders on the success of IIS. More importantly, we found crucial roles of informal leaders in affecting the success indirectly. Of note, decreasing the negative effect of participant misuse of formal authority decreases the likelihood of a project's failure and increases the likelihood of success. In fact, if measured from the coefficient estimates (see Table 5 ), the ability of informal leaders to induce success by curbing the negative behavior of participants in misusing their formal authority is significant in increasing the likelihood of success. On the other hand, we found that the significance of the roles of informal leaders diminished when the success of a project is measured technically. The respondents deem the roles of informal leaders less important if a project success is only considered in technical terms. As discussed previously, in that situation, involvement of executives is perceived as more important.
Implications and Limitations
According to Eglene et al., [8] , in a project that is managed through collaboration, success can be measured through various indicators. We found that depending on how project success is measured, the influence of leadership on that success is different. The main finding of this study have both research and practice implications. a. Practical Implications  We found that the significance of executive involvement varies depending on the specific measure of success. Thus, project managers in change of IIS projects could use these results for managing resources and involvement. For instance, if success is measured only technically, the total effect of executive involvement to success of IIS is more important than the total effect of informal leaders to the success of IIS. Especially when success is measured as policy and technical success. This knowledge could be used to better understand when executive involvement is more needed in IIS projects.  We found patronage from executives to be a strong component in curbing negative behavior of participants in their exercise of formal authority. Consequently, extracting support from executives when the project is faced with conflict arising from misuse of formal authority would increase the probabilities of success in ISS projects.  Our findings also indicate the roles of informal leaders in achieving success in IIS projects is crucial. As such, nurturing and encouraging informal leaders in IIS projects could significantly affect the success of those projects. However, it seems clear that when success is measured in technical terms only, informal leaders are less important.
b. Research Implications  Our findings highlight how different leadership mechanisms influence the success of IIS. In particular, these leadership mechanisms are assumed by two actors: executives and informal leaders (project). Drake, Steckler & Koch [7] argue that the enactment of leadership activities by leaders is affected by the sub-cultures. They adopt Schein's framework with three cultures (executive, engineer and operator -Schein [19] ) into three comparable cultures in public sectors (scientist, politician and bureaucratic) [7] . Adopting from both, we can find comparable cultures affecting IIS projects as: politician, bureaucrats and project managers/informal leaders. We did not include these three sub-cultures into our models, but future research could test the influence of the leadership roles in IIS if mediated by their sub-cultures.  In this study, we test Pardo et al., [15] and Gil-Garcia et al., [10] propositions by analyzing the influence of three leadership mechanisms -executive involvement, exercise of formal authority and informal leaders on the success of IIS projects. However, both Pardo et al., [15] and Gil-Garcia et al., [10] argue that the influence of these three mechanisms is mediated by other factors such as trust, willingness to participate, provision of funding, etc. While we take these mediating factors as granted in this study, future research could expand our models by including some mediating variables.  Finally, we also found that participant misuse of formal authority is not a significant predictor of organizational success. This finding is intriguing to us. We posit that this might be due to, either, the measurement of organizational success or the definition of organization in IIS. Both warrant further research. For the former, we measure organizational success as a composite of five variables (see our methods section), thus future research could measure each variable as an indicator of success or find new indicators to define organizational success. For the latter, the definition of organization is ambiguous in IIS because it often involves multiple jurisdictions and levels of organizations. Further, there could be a mismatch between our indicators of organizational success and ambiguity in defining "organization" in IIS. Future research might address this issue for instance, by adding more control variables in the model defining boundaries in IIS initiatives.
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